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 WLPHZKHQWKHODVHUSXOVHZLWKLQGH[ n LVDSSOLHG
([SHULPHQWDOVHWXS
2.1. Equipment and material 
$SLFRVHFRQGODVHUZLWKSXOVHOHQJWKSVTXDOLW\RIWKHODVHUEHDP0İDQGZDYHOHQJWKQPZDVXVHG
;*IURP(GJH:DYH*PE+7KHPD[LPDOSXOVHHQHUJLHVZHUH VHW IURPђ-DW IUHTXHQF\N+] WR
ђ- DW IUHTXHQF\0+]VHH7DEOH7KHRSWLFDO VFKHPHFRQWDLQV ODVHUEHDPH[SDQGHU[ DQG VFDQKHDG
LQWHOOL6&$1 ,,,  ZLWK  PP IRFDO OHQJWK IWKHWD REMHFWLYH 6&$1/$% $* 7KH PD[LPDO ODVHU EHDP
VFDQQLQJ VSHHG LQ WKLV FRQILJXUDWLRQ LV HTXDO WR PV ,Q WKH DSSOLHG VFDQQLQJ WHFKQLTXH VHYHUDO UHSHDWHG
ELGLUHFWLRQDOOLQHVFDQQLQJOD\HUVZHUHXVHGIRUPDWHULDOSURFHVVLQJ)RUWKHVFDQKHDGSRVLWLRQXVHGUHSHDWDELOLW\LV
PDQGWKLVKDVQRVLJQLILFDQWLQIOXHQFHRQWKHFOHDQLQJSURFHVVUHVXOW
7KH SURILOHV RI WKH VWUXFWXUDO FKDQJHV RQ WKH ODVHU VFDQQHG VXUIDFHV ZHUH GRQH ZLWK ' GLJLWDO PLFURVFRSH
+,52;.+7KHPRUHSUHFLVLRQVWUXFWXUDO LQYHVWLJDWLRQV VXUIDFHR[LGDWLRQYDOXHDQG ODVHU LQGXFHGULSSOHV
ZHUH GRQH ZLWK 6(0 )(, 4XDQWD  DQG DQ ('; DQDO\]HU 7KH VXSHUDOOR\ VDPSOHV ZHUH GLVFVKDSHG ZLWK D
GLDPHWHURIPPDQGDWKLFNQHVVRIDERXWPP7KHVXUIDFHZDVPHFKDQLFDOO\SROLVKHGZLWKDXPGLDPRQG
VXVSHQVLRQ7KH(';HOHPHQWDOFRPSRVLWLRQRIWKHPHFKDQLFDOO\SROLVKHGVXUIDFHZDV2 $O 6L
 7L &U &R 1L 7D : 0R 7KH(';
HOHPHQWDO FRPSRVLWLRQZDV FRQWUROOHG IRU WKUHH VWDJHV RI WKH VXSHUDOOR\ VXUIDFH WKH LQLWLDO VXUIDFH ODVHU FOHDQHG
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VXUIDFHDQGODVHURYHUKHDWHGVXUIDFH7KHODVHUFOHDQHGVXUIDFHPHDQVWKHODVHUVFDQQHGVXUIDFHZLWKUHPRYDORIWKH
WKLQVXUIDFH OD\HUZLWKRXWVLJQLILFDQWR[LGDWLRQRUVWUXFWXUDOFKDQJHVRI WKHUHVLGXDOVXUIDFH,QFRQWUDVW IRU LW WKH
ODVHU RYHUKHDWHG VXUIDFH PHDQV WKH ODVHU VFDQQHG VXUIDFH ZLWK LQFUHDVHG R[\JHQ FRQFHQWUDWLRQ DQG VLJQLILFDQW
VWUXFWXUDOFKDQJHVVXFKDVUHPHOWLQJRURWKHUSKDVHFKDQJHV
7DEOH/DVHUSXOVHSDUDPHWHUVIRUGLIIHUHQWIUHTXHQFLHVRIWKHODVHUJHQHUDWLRQ
)UHTXHQF\N+]        
3XOVHHQHUJ\ђ-        
3XOVHIOXHQFH-FP        





FRQWDLQV WZR SHUSHQGLFXODU KDWFKHV ZLWK D GLVWDQFH EHWZHHQ WKH OLQHV HTXDO WR ђP 7KHVH KDWFK SDUDPHWHUV
FRUUHVSRQGWRRIRYHUODSSLQJEHWZHHQKDWFKOLQHV7KLVRYHUODSSLQJYDOXHJLYHVPD[LPDOVFDQQLQJVSHHGZLWK
PLQLPDO YLVLEOH VFDQQLQJ OLQHV ,Q WKH FDVH ZKHQ RYHUODSSLQJ LV ELJJHU WKH VFDQQLQJ OLQHV DUH QRW YLVLEOH EXW
SURFHVVLQJWLPHRIWKHRQHVFDQOD\HULQFUHDVHV:LWKDQLQFUHDVHRIWKHKDWFKOLQHV¶GLVWDQFHWKHSURFHVVLQJWLPHRI
RQHVFDQGHFUHDVHVEXWWKHVFDQQLQJOLQHVEHFRPHPRUHQRWLFHDEOHDQGWKHVXUIDFHGRHVQRWKDYHPHWDOOLFVKLQLQJ
7KH ODVHUSXOVH HQHUJ\ LQFUHDVHV IRU ORZHU IUHTXHQF\RI ODVHU JHQHUDWLRQ DQG WKLVZDV WDNHQ LQWR DFFRXQW IRU WKH
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ZDV XVHG IRU WKH FRPSDUDWLYH DQDO\VLV RI WKH H[SHULPHQWDO GLIIHUHQFH EHWZHHQ WKH ODVHU SURFHVVHG DQG LQLWLDO






2QH VFDQQHG ILHOG KDV D UHFWDQJXODU IRUP ZLWK KHLJKW PP DQG ZLGWK PP 7KH PLQLPDO WLPH EHWZHHQ
DSSOLFDWLRQRIWZRQHLJKERUKDWFKHGOLQHVLVHTXDOWRPV)XOOWLPHSURFHVVLQJRIRQHVFDQOD\HULVHTXDOWRVHF
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5HVXOWVDQGGLVFXVVLRQ
3.1. Initial mechanically polished and laser beam scanned surfaces 
7KH H[SHULPHQWZLWK WKHGHOD\V RSWLPL]DWLRQ WHFKQLTXHKDV VKRZQ WKDW WKHSLFRVHFRQG ODVHUEHDP VFDQQLQJ LV
SUHIHUHQWLDO WR SURYLGH WKH KLJKHVW VSHHG IRU VXSHUDOOR\ VXUIDFH SROLVKLQJ ,W LV GHPRQVWUDWHG E\ VFDQQLQJ RI WKH
VXSHUDOOR\VXUIDFHZLWKLQFUHDVHGGHOD\SDUDPHWHU³/DVHU2II´7KHPHFKDQLFDOO\SROLVKHGLQLWLDOVXUIDFHLVSUHVHQWHG








7KH IUHTXHQF\ RI WKH ODVHU SXOVH JHQHUDWLRQ LV N+] LQ WKLV FDVH DQG LW LV DERXW  RI WKH ODVHU VSRW
RYHUODSSLQJ VHH7DEOH  SDUDPHWHUV VHW QXPEHU , 7KHVH SDUDPHWHUV RI WKH VFDQQLQJ DUH YHU\ FORVH WR WKH ILQH
PHWKRG RI QLFNHOEDVHG VXSHUDOOR\ ODVHU FOHDQLQJ EHFDXVH WKH WUDFNV RI PHFKDQLFDO SROLVKLQJ GLVDSSHDUHG DQG
R[\JHQFRQWHQWYDQLVKHGKHUH)LJDUHD+RZHYHU WKLV UHJLPHGRHVQRWZRUNFRUUHFWO\RQ WKHPHFKDQLFDOO\
SROLVKHGVXSHUDOOR\VXUIDFHZKLFKFRQWDLQVLQLWLDOGHIHFWVVXFKDVFUDFNVDQGSRUHVEHIRUHODVHUVFDQQLQJ)LJa
'XULQJ WKH SURFHVV RI VXUIDFH VFDQQLQJ SHDNV VWDUW WR JURZRQ WKH HGJHV RI WKHVH LQLWLDO GHIHFWV )LJb7KH
PHFKDQLVP RI WKH SHDNV¶ JURZWK FDQ EH H[SODLQHG E\ WKH LQLWLDO VXUIDFH GHIHFWV DIIHFWLQJ WKH ODVHU EHDP HQHUJ\
GLVWULEXWLRQDQGWKH\IXQFWLRQDVSUHFXUVRUVLWHVIRUWKHDERYHVXUIDFHJURZWK$6*VWUXFWXUHV=XKONHHWDO




























QXPEHU LV 9,, LQ 7DEOH  7KHUH DUH QR $6* VWUXFWXUHV RQ WKH SRUHV DQG WKHLU HGJHV EHFRPH PRUH VPRRWKHG
)LJ7KHODVHUSXOVHIOXHQFHIRUWKLVUHJLPHLV-FPDQGLWDJUHHVZLWKOLPLWDWLRQIOXHQWYDOXH-FPIRU
WKHUPDOSHDNJURZWKPHQWLRQHGE\/LXHWDOSS










3.2. Semi-planar model of scanning a Gaussian heat source 
7KHUH LV D ZHOONQRZQ WKHRU\ IRU WHPSHUDWXUH GLVWULEXWLRQ IURP DQ LQVWDQWDQHRXV SODQH VRXUFH SUHVHQWHG E\
&DUVODZDQG-DHJHU7KHWDVNRIGHWHUPLQLQJWKHWHPSHUDWXUHGLVWULEXWLRQ  ztT LQDVHPLLQILQLWHPHGLXPDW
WKHGHSWK z IURPDQLQVWDQWDQHRXVSODQHKHDWVRXUFHZLWKVWUHQJWK HeatF SDUDOOHOWRWKHSODQH x DQGDSSOLHGDWWKH











ZKHUH  ztT'  WHPSHUDWXUHFKDQJHV U PDWHULDOGHQVLW\ c  VSHFLILFKHDW FDSDFLW\ t  WLPH DQGD  WKHUPDO
GLIIXVLYLW\+HUHWKHYDOXH HeatF LVRQO\SDUWRIWKHODVHUSXOVHHQHUJ\)RUXOWUDVKRUWODVHUSXOVHVWKHPDLQSDUWRI
WKH ODVHU SXOVH HQHUJ\ LV WDNHQ DZD\ E\ UHIOHFWLRQ YDSRUL]DWLRQ DQG DEODWLRQ SURFHVVHV 7KH UHVLGXDO SDUW RI WKH
WKHUPDOHQHUJ\ HeatF FDQEHGHILQHGDVSDUWRIWKHODVHUSXOVHHQHUJ\ F YDOXHE\IUDFWLRQFRHIILFLHQW FFHeat  K 
,WLVDOPRVWLPSRVVLEOHWRSURYLGHDWKHRUHWLFDOO\DFFXUDWHGHWHUPLQDWLRQRIWKHIUDFWLRQFRHIILFLHQWK 7KHUHDVRQLV








ZreFF   
ZKHUH F  ODVHU IOXHQFH -FP F  ODVHU IOXHQFH LQ WKH FHQWHU RI WKH ODVHU VSRW ZKLFK LV HTXDO WR
  ZS  PF  P WRWDOSRZHULQWKHEHDP r GLVWDQFHIURPWKHODVHUVSRWFHQWHUDQG Z EHDPKDOIZLGWK
7KH VKRUW WLPH RI WKH ODVHU SXOVH DQG WKH VPDOO JUDGLHQW RI WKH ODVHU IOXHQFH LQ WKH PLFURPHWHU VFDOH DERXW
-FPJLYHWKHSRVVLELOLW\WRGLYLGHWKHWHPSHUDWXUHGLVWULEXWLRQWDVNLQWRVHYHUDOVHPLSODQDUWDVNV7KLVPHDQV
WKDWLWLVSRVVLEOHWRGHVFULEHWHPSHUDWXUHGLVWULEXWLRQIURPHYHU\SRLQWLQWKHODVHUVSRWDVWHPSHUDWXUHGLVWULEXWLRQ
IURP VHYHUDO LQGHSHQGHQW SODQDU KHDW VRXUFHV ZLWK ODVHU IOXHQFH FDOFXODWHG IURP HTXDWLRQ  7KLV DVVXPSWLRQ
VLPSOLILHV WKH WHPSHUDWXUHGLVWULEXWLRQSUREOHP ,Q WKLVFDVH WKH UHVXOWLQJHTXDWLRQ IRU WKH WHPSHUDWXUHKLVWRU\ IRU
DQ\VXUIDFHSRLQWLQVLGHRIWKHODVHUVSRWKDVWKHIRUP





































 DZDSUK  
ZKHUH n

 QXPEHU RI ODVHU SXOVHV DSSOLHG RYHU D IL[HGSRLQW N  IXOO QXPEHU RI WKH ODVHU SXOVHV RYHU WKH IL[HG




+HDW DFFXPXODWLRQ WHPSHUDWXUH LQFUHDVH LV DQ LPSRUWDQW SDUDPHWHU RI ODVHU SURFHVVLQJ 7KH YDOXH RI WKH KHDW
DFFXPXODWLRQWHPSHUDWXUHLQFUHDVHLVHYDOXDWHGDVWKHWHPSHUDWXUHLQFUHDVHRIWKHVXUIDFHDWDIL[HGSRLQWDWWKHODVW
PRPHQW EHIRUH DSSOLFDWLRQ RI WKH QH[W ODVHU SXOVH LQ WKH VHTXHQFH (TXDWLRQ  ZDV XVHG IRU GHWHUPLQDWLRQ RI
WHPSHUDWXUH FKDQJHV DQG KHDW DFFXPXODWLRQ IRU DOO IUHTXHQFLHVZKLFKZHUH LQ XVH LQ WKH H[SHULPHQWDO WHVWV 7KH
UHVXOWLQJ WHPSHUDWXUH KLVWRULHV IRU D SRLQW IL[HG DW FRRUGLQDWH  x RQ D VFDQQLQJ OLQH ZLWK IUHTXHQFLHV 0+]
SDUDPHWHUVVHWQXPEHULV9,,,LQ7DEOHDQG0+]SDUDPHWHUVVHWQXPEHULV9,,LQ7DEOHRIWKHODVHUSXOVHV
DUH SUHVHQWHG LQ )LJ7KH VWDUWLQJ WHPSHUDWXUH IRU FDOFXODWLRQVZDV DVVXPHG WR EH &7KH WLPH VWHS LQ WKH
FDOFXODWLRQVZDVSVOLNHWKHODVHUSXOVHOHQJWK7KHKLJKHVWWHPSHUDWXUHRIODVHUVFDQQLQJSURFHVVLQJUHDFKHGXS
WR XQSK\VLFDOO\ KLJK YDOXHV ZKHQ ODVHU VKRWV ZHUH DSSOLHG FORVHO\ WR WKH IL[HG SRLQW RQ WKH VXUIDFH EXW IRU








0RVW LQWHUHVWLQJ LV IUHTXHQF\ 0+] IRU ILQH ODVHU SROLVKLQJ RI WKH VXSHUDOOR\ +HUH WKH PD[LPDO KHDW
DFFXPXODWLRQWHPSHUDWXUHLQFUHDVHLVUHDFKHGDW.)LJUHGOLQH/RZHUKHDWDFFXPXODWLRQXSWR.ZDV
GHWHUPLQHGIRUKLJKHU IUHTXHQF\RI WKH ODVHUJHQHUDWLRQ )LJEOXH OLQHEXW WKLV UHJLPHGLGQRW OHDG WRDFOHDU
ODVHUSROLVKLQJRI WKH VXUIDFH VHH)LJd7KLV FDQEHH[SODLQHGE\ WKHGHFUHDVHRI WKHGDPDJH WKUHVKROGDW D
KLJKHUUHSHWLWLRQUDWHDVPHQWLRQHGE\-DHJJLHWDODQGORZHUHIIHFWLYHQHVVRIWKHUPDOHQHUJ\GLVWULEXWLRQRQ
WKHVXUIDFHDVVKRZQE\1HXHQVFKZDQGHUHWDODQG6DLOHUHWDO7KHKHDWDFFXPXODWLRQYDOXHIRUDOO





3.3. Application of laser surface cleaning for a textured superalloy surface 
$ VSHFLDO WHFKQLTXH RI ODVHU VXUIDFH WH[WXULQJ FDOOHG VKLIWHG ODVHU VXUIDFH WH[WXULQJ V/67 LV LQ XVH IRU
SUHSDUDWLRQRIVWDLQOHVVVWHHODQGVXSHUDOOR\VXUIDFHVIRUWKHUPDOVSUD\SURFHVVLQJ.URPHUHWDO0RVNDOHW
DO7KHODVHUSURFHVVLQJRIDVXSHUDOOR\LQYROYHVKHDWHIIHFWVRQWKHVXUIDFHDQGSUHFLSLWDWLRQRIHYDSRUDWHG
PDWHULDOQHDU WKH ODVHU VSRWDVREVHUYHGE\)HQJHWDO DQG3HWURQLFHWDO 7KRXJKV/67GRHVQRW
LQYROYHDKHDWDFFXPXODWLRQHIIHFWSUHFLSLWDWLRQRQWKHVXUIDFHRFFXUV)LJa&OHDQLQJRIWKHVXSHUDOOR\VXUIDFH
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